Challenges in quantifying the clear effect of malnutrition on diarrhoeal deaths
The vicious cycle between diarrhoea and malnutrition was described decades ago 1 and remains a refractory problem with continued high dual burden among children in low-resource settings. 2 An acute manifestation of the interaction between diarrhoea and malnutrition is the effect of malnutrition on diarrhoeal mortality: the risk of death is far higher among acutely malnourished children with diarrhoea compared with better nourished children with diarrhoea. 2, 3 In The Lancet Global Health, Kirkby D Tickell and colleagues 4 add important nuance to our understanding of the interactions between malnutrition and diarrhoeal morbidity and mortality by assessing the relationships between specific pathogens and diarrhoeal outcomes in children with and without acute malnutrition. It is plausible that the effects of malnutrition-related susceptibilities could differ by pathogen, and this analysis indeed found that the associations between infections with enteric bacteria and moderate-tosevere diarrhoea and death were generally stronger among malnourished children, but the associations for infections with enteric viruses were generally weaker among malnourished children.
The Article also highlights the importance of an often misunderstood and under-considered issue surrounding the difference between additive and multiplicative interaction, or equally, interaction on the absolute (risk difference) and relative (risk ratio or odds ratio) scales. Assessments of interaction at the population level rely on statistical models and are dependent on the scale of the model used. Non-intuitively, evidence for additive interaction can qualitatively differ from that for multiplicative interaction. Because additive interaction directly estimates excesses or reductions in the number of observed cases related to the interacting factor, this scale is more relevant for improving public health. 5, 6 However, because multiplicative models (eg, logistic regression) are commonly used, the multiplicative scale is often the default choice when including interaction terms in models. There remains an unfortunate tendency to focus only on multiplicative interaction, despite the long-standing availability of methods to assess additive interaction with multiplicative models and in case-control studies. 5, 7, 8 In the study by Tickell and colleagues, 4 the choice of additive versus multiplicative interaction has an important effect on the interpretation of results. Although estimates of the magnitude of interaction on moderate-to-severe diarrhoea were imprecise, the direction of apparent interaction differed between the two scales for more than half (nine of 17) of the pathogens assessed. For example, Shigella spp had a weaker association with moderate-to-severe diarrhoea among malnourished children on the multiplicative scale and a stronger association with moderateto-severe diarrhoea among malnourished children on the additive scale. The most striking example of this incongruence was the interaction between Cryptosporidium spp and malnutrition with respect to its association with mortality, in which additive interaction suggested strong public health synergy but multiplicative interaction suggested antagonism.
To show this conflict between scales more clearly, a crude analysis of multiplicative and additive interaction for Cryptosporidium spp and mortality is shown in the table. Although the estimated risk ratio linking this infection to death was smaller in the malnourished group than in the better nourished group, the estimated risk difference was larger in the malnourished group. Specifically, the increase in the risk of death associated with Cryptosporidium spp was an absolute 2·3% (95% CI -2·5 to 7·2) greater among malnourished children than among better nourished children. In this population, infection with Cryptosporidium spp would have to be prevented in only 31 (1/0·0322) malnourished children to reduce expected diarrhoeal mortality by one death. To obtain the same expected benefit in better nourished children, the infection would have to be prevented in an estimated 114 (1/0·0088) children. 9 The multiplicative interaction analysis indicates different results from the additive analysis because the greater absolute effect estimated for the malnourished children is diluted by their substantially elevated baseline risk (8·0% in malnourished children vs 0·7% in better nourished children ; table) . We commend Tickell and colleagues 4 for estimating additive interaction in addition to multiplicative interaction. They provide an insightful explanation for why the interactions qualitatively differed on the two scales more often for the pathogens that are more frequently associated with severe diarrhoea and death (such as Shigella spp, rotaviruses, and Cryptosporidium spp). These virulent pathogens are strongly associated with poor outcomes in both malnourished and better nourished children. Because the overall risk is lower in better nourished children, the relative effect of these pathogens appears larger in better nourished children.
Apart from the challenges of assessing interaction, the study highlights that 92 (64%) of 144 children with moderate-to-severe diarrhoea who died were acutely malnourished (56 [39%] had severe acute malnutrition), and crude mortality was an absolute 7·4% higher in malnourished children than in better nourished children. In a related study in The Lancet Global Health, Myron Levine and colleagues 10 document that the overall 60-day risk of mortality was 2·0% among children with moderate-to-severe diarrhoea, which was much higher than the 0·3% risk in community-based controls. Children with moderate-to-severe diarrhoea in Pakistan had a particularly high risk of death and were more malnourished at baseline compared with children with moderate-to-severe diarrhoea at other sites. 10 The evidence for the synergistic effects of malnutrition and diarrhoea on mortality suggests pathogen-agnostic strategies among the most vulnerable children will have the greatest effect on preventing child deaths.
